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This research was focused on the homogeneous precipitation synthesis of a series of Eu** ion-activated ellipsoidal La,0,SO,
phosphors based on the La,(SO4);-CO(NH,), reaction system. The structural identification, thermal analysis, morphology and
luminescence properties of the as-prepared products were characterized with Fourier transform infrared spectroscopy (FTIR),
X-ray diffraction (XRD), thermogravimetry and differential scanning calorimetry (TG/DSC), field emission scanning electron
microscopy (FESEM) and photoluminescence (PL) spectra. Pure La>,0,SO, ellipsoidal particles with a long radius of about
2 um and a short radius of about 1 pm were successfully prepared by calcining a rhombus-like precursor at 800 °C for 2 h in air.
The formation mechanism of the precursor and its corresponding calcination product were also proposed. Photoluminescence
results revealed that the strongest red emission peak was centered at 619 nm upon 249-nm ultraviolet (UV) light excitation in
L2,0,S0,:x%Eu* (x =3, 6,9, 12 and 15) phosphors. The exchange interaction was responsible for the concentration quenching
mechanism of the Dy—>’F; transition of Eu** ions in the La,0,SO, host lattice. The optimal x value was 15 and the correspond-
ing decay process showed a single exponential decay behavior whose lifetime 7 and color correlation temperature (CCT) were
calculated to be 2.112 ms and 2752 K, respectively.

Keywords: lanthanium oxysulfate, ellipsoidal morphology, homogeneous precipitation reaction, photoluminescence

V raziskavi o homogeni precipitacijski reakcijski sintezi so aktivirali vrsto ionov Eu** v fluorescentu La,0,SO, oziroma
materialu, ki ima fotoluminescencne lastnosti. Uporabljeni reakcijski sistem je temeljil na kombinaciji spojin Lay(SO4); in
CO(NH,),. Strukturno identifikacijo so izvedli s pomocjo termi¢ne in morfoloske analize. Luminescenc¢ne lastnosti pripravljenih
izdelkov so oznacili s Fourierjevo transformacijsko infrardeco spektroskopijo (FTIR) in fotoluminescencno spektroskopijo (PL).
Morfolosko in fizikalno-kemijsko karakterizacijo pa so izvedli s pomocjo vrsti¢ne elektronske mikroskopije na osnovi emisije
polja (FESEM), rentgenske difrakcije (XRD), termogravimetrije (TG) in diferencialne vrsti¢ne kalorimetrije (DSC). S
kalcinacijo romboedri¢nega prekurzorja pri njegovem zadrZevanju dve uri na 800 °C v zrac¢ni atmosferi so uspe$no pripravili
elipsoidalne delce La,0,SO; z vzdolznim polmerom priblizno 2 pm in pre¢nim polmerom priblizno 1 um. Na osnovi analiz so
predlagali mehanizem tvorbe in nastanka kalcinacijskega produkta. Rezultati analiz fotoluminescence so odkrili, da se
najmocnejSi emisijski vrh v rdeci svetlobi nahaja na 619 nm pri 249 nm vzbujanju ultravijolicne svetlobe v fluorescentu z
razmerjem La,0,SOy : x/% Eu** (x =3, 6,9, 12 in 15). Izmenjalna interakcija je bila odgovorna za tako imenovani
koncentracijsko zamrznitveni mehanizem *Dy—’F, prehod ionov Eu** v resetki gostiteljice (La,0,SO,). Ugotovljena optimalna
vrednost x/% je bila 15 in odgovorjajoci proces razpada je pokazal singularno eksponencialno obnaSanje, katerega izraCunana

ISSN 1580-2949
MTAEC?Y, 56(6)669(2022)

doba trajanja 7 je bila 2,112 ms pri barvni korelacijski temperaturi (CCT) 2752 K.

Kljuc¢ne besede: lantanov oksisulfat, elipsoidalna morfologija, reakcija homogene precipitacije, fotoluminescenca

1 INTRODUCTION

In the past decades, rare-earth (RE) ion-doped phos-
phors received considerable attention due to their special
luminescent properties based on the unique intra 4f tran-
sitions of trivalent RE ions.! Because of this, rare-earth
phosphor materials became a research highlight and
some phosphors have recently been successfully applied
in various fields, such as fluorescent lamps, white
light-emitting diodes (WLEDs), X-ray intensifying
screen, X-ray computed tomography (X-CT), biological
labels, and so forth. As is known to us, the RE phosphor
family involves numerous stable host matrixes, such as
oxides, sulfides, oxysulfides, oxysulfates, fluorides,
phosphates, molybdates, etc. Among these compounds,

*Corresponding author's e-mail:
syjz_lixing1979@163.com (Xing Li)
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lanthanide oxysulfates (Ln,0,SO.) activated by various
trivalent RE ions (Eu’*, Tb**, Pr3+, Ce*, Yb**, Er** and so
on) have attracted considerable attention because of their
unique luminescence behavior, sharp emission peaks,
high quantum yields, low phonon energy and low toxic-
ity; they have been widely applied in bioimaging, optical
temperature sensors, medical surgery and so on.
Lanthanium oxysulfate (La,0,SO,) is one of the most
important lanthanide oxysulfate matrix materials,” and it
has attracted increasing attention in recent years due to
its high oxygen-storage capacities, good thermal stabil-
ity, as well as enhanced catalyst activity;>- it can provide
potential applications in the fields including large-vol-
ume oxygen-storage materials,® auxiliary sensing elec-
trodes,’ solid electrolytes® and catalysts for the water-gas
shift reaction.’
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So far, various synthetic routes have been explored to
prepare lanthanide oxysulfate (Ln,O,SO,) materials, in-
cluding the solid-state reaction method'* thermal decom-
position method,'"'? sulfide oxidation method,? co-pre-
cipitation method!, hydrothermal synthesis,!* template
method,'* molten salt synthesis'> and so on. However, the
main three methods are high temperature, time-consum-
ing preparation process and the release of sulfur oxide
gas (SO, or SOs), which is harmful to the environment.
The obtained La,0,SO, compounds are bulk materials
with an irregular morphology. Moreover, the morphology
of the obtained powder needs to be improved with the
co-precipitation method. In recent years, some research-
ers have prepared a series of high-yield and uniform
RE,O0,S0, hollow spheres with the hydrothermal method
using L-cysteine as the biomolecular template and
polyvinylpyrrolidone (PVP) as the surfactant.'® The
study by Mei Yang showed that the three-dimensional
(3D) nanofibrous structures of La,0,SO*:Eu** would
provide multifunctional applications, such as optical dis-
plays, biological labels and bio-imaging.!” However, the
procedures involved in these routes are complicated, and
it is generally difficult to carry out mass production.

To the best of our knowledge, so far less work has
been done on the preparation of ellipsoidal
La,0,SO4:Eu’* phosphors. So, it is still challenging and
imperative to exploit an efficient but simple way for the
synthesis of ellipsoidal La,0,SO,:Eu** phosphors.
Herein, we thus put forward a homogeneous precipita-
tion reaction to synthesize La,0,SO4:Eu** phosphor us-
ing commercial lanthanum sulfate octahydrate
(Lax(S04);5-:8H,0), europium nitrate hexahydrate
(Eu(NOs3);-6H,0) and urea (CO(NH,),) as the starting
materials where a structural analysis (FTIR and XRD),
thermal analysis, morphology and photoluminescence of
the obtained products are characterized and discussed in
detail. This homogeneous precipitation method has the
characteristics of a simple inexpensive process, easy to
use in mass production and environment-friendly. The
simplicity of this synthetic approach makes it promising
also for the preparation of other RE-activated phosphors.

2 EXPERIMENTAL PART

In this study, La,(SO.);-8H,O (a purity of 99.99 %),
Eu(NO3);-6H,O (a purity of 99.99 %) and urea
(CO(NHy),, AR) were used as the starting materials
without any further purification. Among them,
Lay(S0,);-8H,0 and Eu(NO;);-6H,O were received from
Jining Tianyi New Material Co. Ltd, China. Urea was
purchased from Sinopharm Chemical Reagent Co. Ltd,
China. First of all, a stoichiometric amount of
La,(S0.);-8H,0 was dissolved in ultrapure water with a
resistivity of 18 MQ-cm and a 0.05-M La,(SO4); solution
was obtained. Secondly, the La,(SO4); solution with a
volume of 250 mL was transferred to a 500-mL beaker.
During continuous stirring, urea was added into the
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beaker in a molar ratio of La’": urea = 1 : 25. Then the
beaker was sealed with a plastic wrap and heated in a
water bath kettle at 90 °C for 2 h. After naturally cooling
down to room temperature, the sample was collected
while cleaning it with deionized water and absolute etha-
nol for several times and then dried at 50 °C for 12 h to
obtain the precursor. Thirdly, the precursor was calcined
at 800 °C for 2 h to obtain a La,0,SO, sample. Finally, a
series of Eu** doped La,0,SO,4 products were also pre-
pared using the above methods. Here, the concentration
of Eu** (x) in La,0,SO4:x/%Eu* was (3, 6, 9, 12 and
15) %, respectively.

The phase structures were identified by a D8 Ad-
vance  X-ray diffractometer  operating  with
CuK, = 0.15406 nm. FTIR spectra were obtained using
an Agilent Cary 660 FTIR spectrophotometer using the
KBr method. DSC/TG/DTG were performed using si-
multaneously a differential thermal analysis and thermo-
gravimetry (SDT 2960). The particle morphologies of
the products were observed with a Hitachi SU8000 field
emission scanning electron microscope. PL spectra and a
decay curve were recorded on a JASCO FP-8600 fluo-
rescence spectrophotometer equipped with the ISF-834
phosphorescence lifetime measurement system. CIE co-
ordinates were calculated from the PL emission spectra
data based on the 1931 CIE standard for colorimetry.

3 RESULTS AND DISCUSSION
3.1 Feasibility analysis of preparing a target product

In this study, the selection of La,(SO.); as the raw
material has a dual function of providing rare-earth cat-
ions and anion groups. Here, the hydrolyzation process
of La,(SO,4); can provide La’* ions and liberate SO,
groups. Moreover, urea is a weak Bronsted base and its
aqueous solution can release CO;> and OH- groups at a
temperature of 90 °C for 2 h. In the La,(SO.);™ urea sys-
tem, SO4>, CO3>- and OH- groups are hard bases and the
hardness has the following order: SO,>- > CO;*> > OH-,
La* ions are hard acids. According to hard-soft
acid-base (HSAB) principle, hard acids prefer to bind to
hard bases and soft acids prefer to bind to soft bases.'8
So, the above La’* ions and functional groups are easily
combined with each other to form a precursor containing
lanthanum hydroxyl, carbonate and sulfate, which can
form the target product (La,0,SO4) through dehydro-
xylation and decomposition of carbonate at a high tem-
perature.

3.2 Structural transformation of the precursor

In order to qualitatively determine the structural in-
formation of the precursor, a FTIR analysis was carried
out, as shown in Figure 1. Evidence of the presence of
hydroxyl (OH"), carbonate (COs>") and sulfate (SO4>)
groups in the precursor can be obtained with FTIR spec-
troscopy (Figure 1a). The spectrum shows the absorp-
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tion splitting peaks of physically absorbed water, crystal
water, hydroxyl groups (near 3453 cm! and 1630 cm™),
the CO;*> groups (near 1463 cm!, 1375 cm™!, 850 cm™!
and 750 cm™) and the SO4> groups (near 1142 cm,
1067 cm™, 656 cm™ and 588 cm™!), indicating that the
precursor is composed of lanthanum hydroxyl, carbonate
and sulfate groups with some crystal water. After the
precursor is calcined at 800 °C (Figure 1b), the broad
absorption peak centered near 3453 cm~! becomes negli-
gible, which is associated with the dehydroxylation of
hydroxyl groups in the precursor. Moreover, a narrow ab-
sorption peak centered at about 3609 cm™' appears, the
CO;> absorption peaks (near 1463 cm' and 1375 cm™)
become negligible, suggesting the decomposition of the
CO;?> groups in the precursor. However, the weak vibra-
tion peak near 1480 cm™' shows that the product ab-
sorbed water and carbon dioxide (CO,) from the air and
then formed CO;* groups. The SO,? absorption peaks
(near 1142 cm™, 1067 cm™, 656 cm™ and 588 cm™) split
into some narrow peaks (near 1173 cm!, 1100 cm™!,
1058 cm™, 990 cm™!, 654 cm™!, 616 cm™ and 592 cm™).
The FTIR result shows that the SO,?- groups still exist in
the calcined product and becomes a component of the
target product.

The phase structure was investigated with XRD fo-
cusing on the precursor and its calcined product, as
shown in Figure 2. It is obvious from Figure 2a that the
precursor has a good crystalline structure with obvious
diffraction peaks. However, the diffraction pattern of the
precursor is inconsistent with the data reported in the
JCPDS card database and the crystal structure is still un-
identified, which may be attributed to the formation of a
new phase containing La’**, OH-, CO5?>~ and SO4>- groups
and some crystal water. This result is confirmed by the
above FTIR spectroscopy. When the precursor is cal-
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Figurel: FTIR spectra of: a) the precursor, b) Lay0,SO4
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Figure 2: XRD patterns: a) the precursor, b) Lay0,SO4 sample,
¢) JCPDS card of Lay0,SO04

cined at 800 °C, the precursor undergoes the following
thermal decomposition reaction:

La,(OH),CO,S0, - mH,0 =
= La,0,S0, + CO,T + (m+1)H,0T (1)

Diffraction peaks of the pure La,0,SO4 phase begin
to appear in the XRD pattern (Figure 2b) and the ob-
tained diffraction pattern is well consistent with the data
reported in the JCPDS card No. 00-016-0501 (Fig-
ure 2c¢), further confirming the rationality of the above
feasibility analysis and the formation of the target prod-
uct (La202804).

3.3 DSC-TG-DTG analysis of the precursor

To understand the decomposition behavior and deter-
mine the optimal calcination temperature for the precur-
sor, DSC-TG-DTG of the precursor was conducted from
room temperature to 1000 °C and the results are shown
in Figure 3. The TG curve shows a continuous weight
loss between room temperature and 1000 °C with an
overall weight loss of approximately 37.19 w/%. The to-
tal weight loss mainly consists of the following steps
over the whole temperature range, seen from the DTG
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curve. The weight loss in the temperature range from
room temperature to = 170 °C is about 8.96 w/%, which
seems to be related mostly to the removal of physically
adsorbed water from the precursor. This weight loss cor-
responds to a weak endothermic peak at around 129 °C
in the DSC curve, and DTG maxima at about 123 °C in
the DTG curve. The weight loss between = 170 °C and
= 473 °C is about 8.53 w/%; there are no obvious endo-
thermic peak in the DSC curve and no extreme value in
the DTG curve, which is related to the removal of crystal
water. The weight loss in the temperature range from
= 473 °C to = 639 °C is about 13.49 w/%, which is as-
sociated with the complete dehydroxylation of the pre-
cursor with a weak endothermic peak at = 591 °C in the
DSC curve. The maximum value on DTG curve also ap-
pears near 591 °C. The last weight loss of about
6.21 w/% starting at = 639 °C is associated with the
complete decomposition of the COs> groups of the pre-
cursor. At the same time, this weight loss is accompanied
with a weak endothermic peak at around 763 °C in the
DSC curve and a broad peak centered at about 763 °C in
the DTG curve. Moreover, as shown in Figure 3, little
weight changes can be observed at temperatures greater
than 800 °C on the TG curve, indicating that at tempera-
tures higher than 800 °C the thermal decomposition is
basically finished in the present study. These results are
consistent with those obtained with the XRD analysis
and FTIR spectra.

3.4 FESEM morphological analysis

The morphologies of the precursor and its corre-
sponding calcination product (800 °C, 2 h) were investi-
gated with FESEM. Figure 4a shows a FESEM image of
the precursor, indicating that the precursor is rhom-
bus-shaped with the edge lengths ranging from 0.5-1 um
and a thickness about 100 nm. In addition, the obtained
particles showed a smooth surface and a good crystal
habit. This formation mechanism may be related to the
supersaturation degree of crystallographic ions. In the
La,(S0.);—CO(NH,), homogeneous reaction system, the
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Figure 3: DSC-TG-DTG curves of the precursor
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molar ratios of La)(SO4); and CO(NH,), are relatively
small (m = 25), making the concentration of crystallo-
graphic ions lower and leading to a lower super-
saturation. According to the Gibbs-Thomson formula of
the classical nucleation theory Equation (2) is formed as
follows:!?

J = Aexp[B(In 5)7] 2)

where J and S are the nucleation rate and supersatu-
ration, A and B are the constants. Therefore, nucleation
rate J of the current reaction system is low. Accordingly,
the nucleus growth is dominated by attachment kinetics,
and a free growth of crystal faces takes place, resulting

m

1 1 I

1.00um

Figure 4: FE-SEM images: a) the precursor, b) La;0,SO4 sample,
¢) an enlarged photograph of (b)
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in the formation of rhombus-like crystals related to their
inherent crystal structure. Figure 4b shows a FESEM
image of Lax0>SO4. Compared with Figure 4a, it can
be seen from Figure 4b that the La>O,SO4 particle mor-
phology changed significantly. These particles are seri-
ously agglomerated and no longer have smooth surfaces
or a regular shape. In order to clearly observe the inter-
nal structure of the particles, Figure 4c shows a higher-
magnification FESEM image of La>x0>SO4. The ob-
tained Lay0,SO4 particles possess an ellipsoidal shape
with a long radius of about 2 um and a short radius of
about 1 pm. Moreover, the ellipsoidal surface is mainly
composed of quasi-spherical small particles with a size
of less than 100 nm. The above investigation might be
explained as follows. During the calcination of the pre-
cursor, rhombus-like crystals were destroyed due to a
high temperature and ellipsoidal particles were found.
At the same time, the water vapor and carbon dioxide
were generated during the calcination of the precursor.
These gases generated a great pressure inside the pre-
cursor, promoting the decomposition of rhombic crys-
tals into nanoparticles.

3.5 Photoluminescence analysis

Figure 5 shows the PL excitation and emission spec-
tra of La,0,SO4:x/%Eu® (x = 3, 6, 9, 12 and 15) phos-
phors. From Figure 5, we can see that the contour lines
of all the PL excitation and emission spectra of
La,0,S04:x/%Eu* (x = 3, 6,9, 12 and 15) phosphors are
similar and the PL intensity of the excitation and emis-
sion spectra is maximum when the doping concentration
of Eu* is 15 x/%. As a representative,
La,0,S04:15%Eu* phosphor was selected for the excita-
tion and emission spectra analysis. The excitation spec-
trum was recorded by monitoring the emission wave-
length of 619 nm. As can be seen in Figure 5a, two
broad absorption peaks located at approximately 249 nm
and 305 nm are observed; they can be attributed to the
change-transfer transitions of O?*-Eu’** and SO4*-Eu*,
respectively. The other characteristic absorption peaks
can be ascribed to the f-f transitions of Eu** ions at (363,
380, 395, 414, 464 and 465) nm in the longer wavelength
region. These characteristic absorption peaks for the
electron transition of Eu ions in the excitation spectrum
can be similar to those of the Eu** doped La,0,SO4 ma-
terials achieved with other synthetic routes.'> As shown
in Figure 5b, upon excitation at 249 nm, the emission
spectrum of La;0,SO4:15%Eu3* phosphor consists of
five emission peaks corresponding to the SDy—>"F; (J = 0,
1, 2, 3, 4) transitions of Eu?* ions. It can be seen that the
strongest red emission peak is centered at 619 nm, aris-
ing from the Dy—"F2 transition of Eu** ions. Other char-
acteristic emission peaks in Figure Sb can be assigned to
the 5D0—>7F0 (581 nm), 5D()_>7F| (596 nm), 5D097F3
(651 nm) and *Dy—"F, (701 nm) transitions of Eu* ions,
respectively.
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Figure 5: La202804:x%Eu3+ (x=3,6,9, 12, 15) phosphors: a) excita-
tion spectra, b) emission spectra

For the maximum doping concentration of
La,0,S04:x%Eu* phosphors, we prepared a series of
Eu’* doped La,0,SO4:x/%Eu’* phosphors. Figure 6
shows the curve of the influence of the concentration of
Eu’* ions on the luminescent intensity of
La,0,SO4:x/%Eu* phosphors and its corresponding log
(I/C) and log (C) fitting curve. As shown in Figure 6a,
the luminescent intensity is enhanced with the increasing
Eu® ion concentration when the concentration of Eu’* is
less than or equal to 12 x/%; then it reaches its maximum
value when 15 x/%. Therefore, it is reasonable to believe
that the optimal concentration of Eu** can be determined
to be 15 x/% in the present study.

In order to explore the concentration quenching
mechanism, the relationship plot of the log(C) versus
log(I/C) for the luminescent intensity of
La;0,S04:x/%Eu* (x = 3, 6, 9, 12 and 15) phosphors at
the 249 nm excitation and 619 nm emission wavelengths
is shown in Figure 6b. According to Dexter’s theory, the
luminescence intensity is related to the doping concen-
tration of the activator.® The concentration can be ex-
pressed with Equation (3):
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x/% increases from 3 x/% to 15 x/%, in Table 1, the CIE
chromaticity coordinates are calculated to be (0.6239,
0.3415), (0.6313, 0.3539), (0.6372, 0.3476), (0.6399,
0.3441) and (0.6420, 0.3391), respectively, where the
CIE coordinates of the five samples are observed in a
very narrow red area. This result demonstrates that Eu?*
ion-doped La202S04 phosphors exhibited good red
light emission with excellent color saturation. Moreover,
the color correlation temperature (CCT) was also calcu-
lated to characterize the color emission. The CCT data
are summarized in Table 1. The CCT is determined with
McCamy’s empirical Equation (5):%!

CCT=-437n*+36011n’-6861n+5514.31 (5)

where n = (x — X¢)/(y — ye) and the chromaticity epicen-
ter coordinates (xe, ye) are (0.3320, 0.1858). Their CCT
values for La;02SO04:x%Eu3t (x = 3, 6, 9, 12 and 15)
phosphors are 2787 K, 2 247 K, 2 452 K, 2 577 K and
2 752 K, respectively, belonging to the penetrating low
CCT light luminescence, which can be useful in a white
light emitting diode (WLED) device and other fields.

Table 1: CIE coordinates and CCT values for LayO,SOg4:x/ %Eu (x=
3,6,9, 12 and 15) phosphors

No. Samples CIE (x, y) CCT (K)
1 La;,0,S04:3%Eu* | (0.6239, 0.3415) 2 429
2 La;0,504:6%Eu* | (0.6313, 0.3539) 2 247
3 La;0,504:9%Eu* | (0.6372, 0.3476) 2 452
4 | Lax05S04:12%Eu*t | (0.6399, 0.3441) 2 577
5 | Lap0,S04:15%Eu* | (0.6420, 0.3391) 2752
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Figure 6: a) Effects of different concentrations of Eu’* ions on the
emission intensity of Lay0,S04:x/%Eu* phosphors and b) the rela-
tionship between log(Z/C) and log(C) for Lay0,S04:x%Eu* phos-
phors

log (I/C) = (~s/d)logC + logf 3)

where d is 3, C is the doping concentration and f is a
constant independent of the doping concentration. When
s = (3, 6, 8 and 10), the mechanism of concentration
quenching is exchange interaction, electric dipole-elec-
tric dipole, electric dipole-electric quadrupole and elec-
tric quadrupole-electric quadrupole interaction, respec-
tively.

By fitting the high concentration point in Figure 6b,
the fitting curve with the R-square value of 0.99857 is:

log(1/C)= 4.62334 — 0.77844 log(C) “)

The slope parameter —s/d was determined to be
—0.77844 (close to —1), yielding the corresponding value
of 3 for s, and indicating that the mechanism of exchange
interaction can be responsible for the concentration
quenching effect of the 3Dy-F, transition of Eu** ions.

To figure out the emission color composition with
different doping concentrations of Eu**, we employed the
CIE chromaticity diagram to calculate the red emission
and the results are shown in Table 1 and Figure 7. When
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Figure 7: CIE chromaticity diagram of Lay0,SO04:x/%Eu?t (x = 3, 6,
9, 12 and 15) phosphors
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La,0,S0,:15% Eu®*
1=761.09752exp(-t/2.11232)-8.93455
R-Square value 0.98295

Intensity/(a.u.)

T
0 2 4 6 8 10 12 14 16
Time/(ms)

Figure 8: Decay curve of the Lay0,SO4:15%Eu’* phosphor excited
by ultraviolet light at 249 nm

monitored at 619 nm was measured and plotted in Fig-
ure 8. The decay curve can be fitted into a single expo-
nential function as shown in Equation (6):

I =1, + Aexp(-t/T) (6)

where [ and [y are the luminescence intensities when the
time is determined as ¢ and 0, respectively, A is the con-
stant, ¢ is the time and 7 is the lifetime value. The single
exponential fitting specific equation with a R-Square
value of 0.98295 is shown in the inset of Figure 8. The
corresponding value of 7 for Lax0>S04:15%Eu’* phos-
phor is 2.112 ms.

4 CONCLUSIONS

Ellipsoidal La;,0,SO4:Eu** phosphors have been suc-
cessfully obtained with a homogeneous precipitation re-
action combined with a calcination based on the
Lay(SOs)5— Eu(NO;3);—CO(NH,), system, using
La,(SO4);, Eu(NO3); and CO(NH,), as the starting mate-
rials. The as-prepared precursor is composed of rhom-
bus-like particles and can be converted into ellipsoidal
La,0,SO, particles at 800 °C in air. Photoluminescence
properties reveal that the 15%Eu’** doped La,0,SO,
phosphor possesses the highest red peak (619 nm) under
249-nm UV light excitation whose corresponding life-
time and color correlation temperature (CCT) are calcu-
lated to be 2.112 ms and 2 752 K. These results imply
that Eu* doped La,0,SO, phosphors have potential ap-
plications in white light emitting diode (WLED) devices
and other research fields, such as oxygen storage or red
display devices. The homogeneous precipitation synthe-
sis is also a convenient and feasible method for synthe-
sizing other rare-earth oxysulfate materials.
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